East Natuna is well known for its humongous natural gas reserves with a high CO 2 content. The high quantity of carbon dioxide requires implementation cutting-edge capture and storage process in its development plan which comes at a high cost. In order to increase the economic feasibility of the area, the impurities are proposed to be utilized CO2 as working fluid further to generate electricity through Enhanced Geothermal System (EGS). Carbon dioxide has been proven to be a better fluid for EGS as it could reach super critical state in much lower pressure and temperature compared to brine water. Sokang Trough Area in East Natuna Basin was selected as a candidate for pilot project due to its favorable geological condition.
Introduction
The demand for natural gas in Indonesia keeps increasing as the population grows. In order to keep up with the needs, the oil and gas industry has to go back and re -evaluate untapped potential that has been sleeping for ages due to technical and economic reason. In the last few decades, one of the biggest discovery was made in East Natuna basin which is located in South China Sea (Figure 1 ). The resources in the area were estimated to be around 222 TCF with 70% of it is carbon dioxide (Dunn, et.al., 1996) , which leaves ±40 TCF of methane to be extracted. However, the development of the gas prospects was inconceivable due to the high content of carbon dioxide which is highly corrosive, requires cutting edge separation technology and also has to be safely disposed without releasing it into the atmosphere.
Carbon Capture and Storage (CCS) where the captured CO2 is safely stored in subsurface reservoir has significantly improved to the point where it has become economically feasible. The world's first CCS operation, Sleipner CCS project was even done in the North Sea, offshore area of Norway. A new scheme called Carbon Capture, Storage and Utilization (CCSU) was proposed in order to increases the economic feasibility of the operation that might enable the development of gas resource in East Natuna. Carbon dioxide which has relatively low critical point was proposed to be utilized as heat transmission fluid for Enhanced Geothermal System (EGS) (Pruess & Spycher, 2010) which in turn could be used to generate electricity for the whole region ( Figure 2 ). Evaluation whether CCSU could be implemented starts with identification of suitable deep saline aquifer below mas.ccsenet.org Modern Applied Science Vol. 12, No. 4; 2018 152 that could be utilized as storage for the greenhouse gas. Within East Natuna Basin where the sleeping Giant Gas Field exist with problematics high CO2 content the last research within this area is conducting the investigation of storage efficiency for CO2 in water-saturated Carbonate Aquifers by having a laboratory experiment evaluation for the solubility of CO2 in water at various temperatures within several core plugs (Sugihardjo et.al.,1999) . This Paper is meant to elaborate the CSSU workflow that has been done to evaluate the presence of Sandstone unit aquifer in Arang Formation as one of the reservoir object for CO2 CCSU project therefore the Sleeping Giant Gas field could be produced within safely environmental and economical condition. 
Methodology
The CSSU method with an EGS operation circulates fluid thousand feet beneath the surface to extract heat generated by the geothermal gradient. In order to do that, it requires:
1. a reservoir with adequate porosity and permeability to flow gas (k >1 md), 2. located within an area with high geothermal gradient (T grad = 37±10°F/1000 ft), 3. formation pressure and temperature has to be high enough to keep the carbon dioxide in super critical condition (T>87.98°F and P>1071 psi), 4. impermeable seal to prevent leakage of the fluid agent (k<1 md) and 5. a trap to direct the fluid flow injector from producer well.
The CCS-1 well was a wild cat with a total depth of 7740 ft (2359 m). The target was a four-way dipping anticline that was discovered through subsurface imaging using seismic data where it is penetrated the Muda Formation and Upper Arang Formation (Figure 3) . Figure 3 . Cross section of the CCS-1 well and its target structure redrawn from (Raharja, Carmody, Cherdasa, & Haribowo, 2013) Figure 4 shows the regional stratigraphy of East Natuna Basin. The shale prone Muda Formation acts as regional seal while the reservoir could be found in Upper Arang Formation or Sokang Sandstone unit. Thus it leaves the identification of the reservoir and seal that fulfilled the aforementioned criteria.
Formation evaluation is the process of evaluating a geological formation through petrophysical characterization. The oil and gas industry has been using wireline logs that was acquired while drilling the formation to find out whether the wellbore penetrated any hydrocarbon bearing reservoir or pay zone.
The available data and workflow for this study is shown in Figure 5 . Formation evaluation was conducted to systematically identify the most suitable reservoir for an EGS. Subsurface temperature was analyzed based on the available temperature logging that was done during production test and open hole logging. Lithology was determined through gamma ray (GR), neutron porosity (NPHI), density (RHOB) and mud log altogether. Clay volume was calculated afterward using GR based on the linear relationship. Total and effective porosity was calculated using the density neutron model. Water saturation was calculated using the Indonesian equation due to the shaly sandstone characteristic that is usually encountered in shallow marine deposit. Lastly, the pore pressure was quantified based on sonic log using the Eaton's equation. Cut -off for the reservoir would be derived from the clay volume, effective porosity, water saturation, formation pressure and temperature. (Holstein, 2007) was developed empirically from Indonesian field data in water bearing shaly sand. However, the equation could still be well applied to hydrocarbon bearing reservoir anywhere. It is often used when field specific special core analysis is unavailable. 
. (7)
Pore pressure (Pp) is the pressure generated by fluid that fills the pore space in between the grains. Eaton transformed Equation 7 to Equation 8 in order to calculate the pore pressure using sonic log that is sensitive compaction (Mouchet & Mitchell, 1989 
. (8)
Storage Capacity is calculated through volumetric method as shown in Equation 9 (Bachu, 2015) . Bulk volume is multiplied from area and height using the depth structure map of top and base of the delineated storage. The lowest reservoir boundary of the area is using the spill point from the current depth structure Map. Pore volume is the bulk volume multiplied by effective porosity and net to gross ratio. Gas saturation is derived by subtracting 1 with water saturation. The lowest water saturation computed in within a formation that has similar characteristic in the CCS-1 well is assumed to be the residual water saturation. Thus, the pore volume is multiplied by maximum gas saturation to estimate the storage capacity. 
. (9)
Gas bearing reservoir proven by DST in the CCS-1 well and overlying shale unit is also used as an analogue for the storage and seal. The lowest water saturation calculation from gas bearing reservoir was assumed to be the maximum gas capacity that could be injected into the storage. The property of shale unit above the gas reservoir is also considered to be adequate as a seal as it could hold a reservoir with 87% CO 2 gas content.
Result and Discussion

Formation Temperature
The available temperature data in CCS-1 well is temperature recording from production test and from the open hole logging. Both data are shown in Table 1 and plotted in Figure 6 . The measurement from open hole logging was much lower compared to the one from DST. The comparatively low value from the logging might be due to introduction of the colder drilling mud into the well bore. Thus, geothermal gradient of 50.5°F/1000 ft (or 81°C/KM) that was derived from the DST was used for further analysis. , geothermal waters could be used directly by human for greenhouses, aquaculture or district heating. Above 75°C (167°F), the fluid is hot enough to be used to generate electricity using the binary cycle technology. And beyond 160°C (320°F), flash steam generation can be used to generate electricity through flash steam power plant, the most common type of geothermal power plant. The geothermal gradient of CCS-1 was plotted into the geothermal resource plot and it shows that the area has a higher gradient compared to average EGS location and even on the borderline of conventional hydrothermal electricity generation. Therefore, the area has the potential to be utilized for an EGS operation. (GRC, 2017) . 
Rock Typing
Rock typing was done in order to get a better understanding regarding the reservoir character from the actual core sample that was taken from the drilling operation. The routine core analysis that measured porosity and permeability was done on 12 samples (Figure 8 ).
Hydraulic flow unit plot (Figure 9 ) is a plot between Reservoir Quality Index (RQI) and the normalized porosity index (Φz). The Reservoir Quality Index (RQI) is the parameter defined to characterize the rock quality based on the relation between permeability and porosity shown by equation 10 below (Benzagouta, 2013 , Amaefule et.al,1993 : And the normalized porosity index (Φz) is a pore volume to grain volume ratio which defined from equation 11 below (Benzagouta, 2013 , Amaefule et.al,1993 ): 
. (11)
From the plot shows that the samples could be classified into three rock types with the following parameters. RT-1 has the best quality as a reservoir and on the other end of the spectrum, RT -3 has the worst quality as a reservoir. RT-3 would later be used to determine cut-off for the CCSU storage. 
Petrophysical Analysis
The formation was evaluated using linear clay volume equation, density neutron porosity equation and Indonesian water saturation equation. In the linear clay volume calculation, the minimum and maximum ratio of the GR was adjusted per formation. (Fig. 10-A) and picket plot for water saturation ( Fig. 10-B) The reservoir characterization result is for each formation is discussed below.
Muda Formation
The Muda Formation was found underneath the seabed all the way to the depth of 3214 ft (Figure 11) . The dominant lithology is shale followed by a few intercalations of siltstone and limestone. The formation serves as the regional seal within the East Natuna Basin. There is no sign of hydrocarbon bearing reservoir within logged interval. For a CCSU operation, the formation could serve as secondary seal. 
Arang Formation
The Arang Formation was found at the depth of 3214 ft to TD (Figure 12) . The dominant lithology is shale followed by a few intercalations of sandstone and siltstone. Several hydrocarbon bearing interval was found within the formation. Seven production test has been conducted with 6 confirmed production of gas. The storage candidate for CCSU storage could be found in this formation as there are several proven permeable sandstones. The claystone would serve as an intra-formational seal.
Formation Pressure
Pore pressure calculation that has been validated with initial pressure is shown in Figure 13 . The pressure to the depth of 5500 ft shows normal hydrostatic gradient with fluctuation at the gas bearing sandstones. Below the depth of 5500 ft, overpressure start to occur with a gradient as high as 0.73 psi/ft at the total depth. Figure 13 . Pore pressure calculation result validated with measured pressure from DST
Cut-off Determination
The cut off for the CCSU storage and seal started in the poro -perm plot (Figure 14) . A minimum permeability of 1 mD is assumed to be able to flow gas through the pore throats of the reservoir (Baker, Yarranton, & Jensen, 2015) . The RT-3, lowest reservoir quality is used to determine cut -off for the effective porosity. The result shows that 1 mD in RT -3 is equal to 0.1071 of effective porosity in RT -3. Therefore, the value of 0.1071 would be used for further reservoir delineation. Figure 14 . Porosity permeability plot overlain with hydraulic flow unit curves for effective porosity determination cut off Separation of reservoir with shale or tight sandstone requires the plotting of effective porosity versus clay volume as shown in Figure 15 . The Cut -off value for clay volume was determined by distinguishing the tested interval (DST's) in the wellbore that has been proven to flow gas. The highest clay volume in the tested reservoir is 0.5. Combining with the cut off for effective porosity, we have identified the area where potential storage lies. Bottom right corner of the graph shows where the potential storage is while the upper left corner shows where potential seal is (Figure 15-A) .
Lastly, ideal reservoir for a CCSU operation required an interval with high water saturation. Addition of carbon dioxide into gas bearing reservoir is more likely to frack the seal above. Determination of the pay zone was also done by identifying tested intervals as shown in 错误!未找到引用源。 Based on the plot, the lowest porous interval as a water saturation of 0.67. Thus, the area on the upper right corner of the graph shows potential storage for the CCSU while the bottom right corner shows potential seal. Vol. 12, No. 4; 2018 164 Figure 15. Storage and seal property cut-offs: Clay volume and effective porosity plot ( Fig . 15-A) and water saturation and effective porosity plot ( Fig. 15-B) 
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CCSU Storage and Seal Delineation
Based on the parameter cut -off, the storage interval was delineated. In addition to the petrophysics cut -off, temperature and formation pressure was also implemented to determine an interval that has sufficient condition to store heat and maintain the carbon dioxide in supercritical phase. The result is shown in Figure 16 . The blue bar shows where the suitable reservoir while the green bar shows the available seal throughout the well interval. The reservoir intervals are intermittent between the depth of 6200 to 7700 ft. The most potential reservoir is determined to be EGS-2 that is located between 6816-6831 ft. The sandstone is also overlain by 15.17 ft thick shale that would act as its primary seal.
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The properties for EGS-2 zone both storage and seal is shown in Figure 17 and summarized in Table 3 . This interval is selected due to its lateral distribution. The result of the subsurface mapping (Figure 18  & Figure 19 ) shows the injection point of CCS-1 well would be located at 6850 ft that has an average pressure of 3543 psi and temperature of 335°F while the top of the anticline is located at the depth of ±6000 ft which has an average pressure of 2647 psi and a temperature of 300°F. 
Storage Capacity and Contingent Storage Resource Estimation
Depth structure maps of the EGS-2 top and base has been mapped using the available seismic in the region. The structure has a closure at 7126 ft (Figure 18) . Injection from CCS -1 well is planned at the depth of ±6850 ft that is equal to 3543 psi and 335°F as mentioned earlier in the storage properties summary. The gas composition from the well test was calculated for its Formation Volume Factor (Bg) and density (ρg) as shown in Figure 20 . The parameters that were used to estimate the storage capacity is summarized in mas.ccsenet.org
Modern Applied Science Vol. 12, No. 4; 2018 Table 4 . The volumetric result of EGS-2 interval is shown in Table 5 . Potential reservoirs that lies above and beneath EGS-2 were also calculated for contingent storage resource. The parameters and result is shown in Table 6 . In total, the structure has the potential to hold 1,559.49 Billion Standard cubic feet or 83.76 Mega tonnes of carbon dioxide. 
Conclusion and Recommendation
The most suitable reservoir for the CCSU operation is located at the depth of 6831 -6863 ft. The lithology iss siliclastic sandstone with a thickness of 32 ft. The average reservoir is estimated to be consisted of 0.26 clay and 0.83 water saturation with 0.207 total porosity and 0.197 effective porosity. It holds an average pressure of 3542 psi and 335 °F.
The accompanying seal is located at the depth of 6816 -6831 ft. The lithology is shale with a thickness of 15 ft. The average reservoir is estimated to be consisted of 0.61 clay and 0.925 water saturation with 0.088 total porosity and 0.0068 effective porosity. It holds an average pressure of 2687.55 psi and 335 °F.
The storage capacity for carbon dioxide in the EGS-2 interval is 1308.63 billion standard cubic feet or 70.29 mega tonnes.
The contingent storage resource for the structure is 250.86 billion standard cubic feet or 13.48 mega tonnes.
In total, the structure has the potential to store 1,559.49 billion standard cubic feet or 83.76 mega tons of carbon dioxide 
